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Abstract 

It is shown that, in the bound state picture, the A c (2593) — > A c 7 and 
A c (2625) — > A c 7 decays are severely suppressed. On the other hand, for 
their bottom counterparts, which are predicted to have masses 5900 and 5926 
MeV respectively, may have significant radiative branching ratio. In partic- 
ular, the Afe(5926) — > mode may even dominate over the strong decay 
mode. The isospin allowed Aq — > Sq7 mode is expected to be small. 
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In Ref. Ip-fl, the bound state picture of heavy baryons was developed. This model 
is motivated by the large N c limit, in which the ground state light baryons (nucleon N 
and Delta A) just appear as topological solitons of the Goldstone fields. As a result, the 
interactions of light baryons and heavy mesons can be studied under chiral perturbation 
theory. It turns out that, under chiral SU(2)i x SU(2) R , the only stable bound states are 

those with K = I + se = 0. These states can be identified with the low-lying heavy baryons 

(*) 

Aq and Tjq , with I = se = and 1 respectively. Then one can deduce the decay properties 
of the bound state from those of the constituents. For example, the S c — > A c ir decay was 
studied in Ref. [0. The decay rate is determined by the axial current coupling defined in 
Ref. @. 

rpfr) - a c x) = (i) 

In Ref. [I], it was shown that 

93 = dsoliton + Qheavy (2) 

where 

Qsoliton = \[\qA-i (3a) 
9heavy = (3b) 

Here — 1.25 is the nucleon axial current coupling and g is the heavy meson axial current 
coupling constant defined in Ref. 0-0. It is also possible to investigate other decay modes 
like S c — > A c 7 in this picture. 

In this paper, we are going to study the electric dipole decay of the orbitally excited Aq, 
denoted by Aq Q in this article. The A c (2625) and A c (2593) doublet, seen by ARGUS |g, 



1 There is no universal nomenclature for these excited A c baryons. In Ref. (T^j they are denoted 

f*) 

by A cl , while J. Korner call them A** in analogy to D** in the meson sector. The experimentists 
usually just call them by their masses, i.e., A c (2593) and A c (2625). The choice of nomenclature in 
this article just reflects the preference of the author. 
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CLEO [|TTJ and E687 Jl2|], decay dominantly through the channels A c (2625) — > A c 7T7t and 
A c (2593) — > S c 7r. The absence pf the A c ir mode indicates that these are 1 = states, i.e., 
excited A c 's rather than S c 's. Theoretically, these states have been studied in Ref. |13j under 
chiral perturbation theory and heavy quark symmetry. It is noted that the A c (2593) — > S c 7r 
channel is severely suppressed by phase space (Ma c (2593) — M Sc = 141 MeV). The isospin 
allowed A c (2625) — > E*7r channel is simply kinematically forbidden (Ma c ( 2 625) — M^,* = 105 
MeV) and have to go through a three-body decay. As a result, it is possible that their 
electromagnetic decay to A c or may have a significant branching ratio. However, there 



are undetermined coupling constants in the lagrangian in Ref. |13[ and no definite predictions 
are given on the actual decay widths. 

If these excited Aq's are P-wave states as commonly believed, their parities will be 
opposite to that of the ground states Aq and Sq. As a result, they can decay through 
electric dipole transitions to these ground states. The decay width is given by 

r(A^A Q7 ) = fb- 7 | 3 |P| 2 , (4) 

— # 

where P is the electric dipole moment between the initial and final state. This width has 
the order of magnitude of 

r(A£ - A Q7 ) ~ \p 7 \ 3 ar 2 , (5) 

where a ~ 1/137 is the fine structure constant and r is the typical size of the heavy baryons. 
Take r ~ Aqq D = (300 MeV) -1 and |p 7 | ~ 300 MeV, we have the estimate 

T(A^ - A Q7 ) ~ 2 MeV. (6) 

Compare with the estimates of Ref. [HJ , 

T(A C (2593) -> S c tt) ~ 10 MeV, (7a) 

T(A C (2625) -> A c 7T7r) ~ 0.1 MeV, (7b) 
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it is evident that the El decays are very probably observable, especially for the s = | state. 
Hence it is of interest to calculate the electric dipole moments in the bound state picture. 

In the bound state model, A**'s are bound states of heavy mesons to nucleons N in 
the first excited state of a simple harmonic potential [|]]. 

\K*) = j= 2 (\D ( * )+ n°) + |Z>«V» (8) 

Denoting the position of the chiral soliton and the heavy meson as r\ and r 2 , and r — fj. — r<i 
their relative position, the electric dipole moment can be written as, 

P = i d * r Mr) qA <hp(r), (9) 

k=l,2 J 

where the 0(r)'s the the simple harmonic wave functions, and the qk are the electric charges 
carried by the chiral soliton and the heavy meson respectively. For the £)(*)+ — n° system, 
1i = 0, qi = e and the dipole moment is 



P = e / d r (j> ls (r) r 2 (j) 2p (r) 
M N t 



M N + M D 

and for the D^*'° — p + system, 



df<f> u {f) ? 0ap(r), (10) 



P = e J d 3 r 0i s (f) fi (p2 P (r) 

'rf 3 ls (f)f0 2p (f). (11) 



M, 



Hence, with 



'M N + M D 



r c = \r c \ = |(ls|f|2p)| = | d 3 r (j) ls {f) f 2p (f)|, (12) 



we sum up the two contributions above and get, 

er c M D -M N 



(13) 



2 M D + M N 

Note the there is a cancellation between the Z)(*) + — n° and the — p + contribution. 

Physically it is because the electric dipole vector is pointing from the soliton to the heavy 



meson in the former case, and is reversed in the latter. The cancellation is exact if M D = M N . 
In the real world, M D /M N ~ 2 and this kinematical suppession factor is about |. 

It is necessary to extract the parameters of the simple harmonic binding potential to 
calculate r c . The reduced mass of the system is, 

^=(^r + ^A 1 = 625 MeV (14) 



\M N M D 
The spin-averaged excitation energy is, 

u c = |(4(340) + 2(308)) MeV = 329 MeV. (15) 

Hence 

r c = (ls\r\2p) = (2/i^)- 1 / 2 = (641 MeV)" 1 , (16) 
Putting all the pieces together, we have 

T(A C (2593) -> A c7 ) = 0.016 MeV, (17a) 

T(A 2 (2625) -> A c 7) = 0.021 MeV, (17b) 

The small width is mainly due to the kinematical suppression factor. Given the small width, 
it would be quite difficult to observe this radiative decay for A c (2593). On the other hand, 
the radiative A c (2625), may have a significant branching ratio. 

The electric dipole moment for the A£* — > A&7 decay do not suffer the same kinematic 
suppression. The A™ is a linear combination of the B^°n° bound state and the B^~p + 
bound state. 

\K) = ^(|SW°n°> + |SW"p + » (18) 

The electric dipole moment of the B^°n° system vanishes identically as both the con- 
stituents are electrically neutral, while the B^~p + system has a nonvanishing electric dipole 
moment. 



To calculate this electric dipole moment, it is again necessary to extract the parameters 
of the simple harmonic binding potential. The reduced mass [i b for the A£* system is 

li h = (-L + J—\ = 796 MeV. (19) 



\M N M B , 

One can predict the frequency of the harmonic potential cj&, which is just the excitation 
energies of A£* over the ground state A&, from the counterpart in the charmed system. In 
Ref. [|J, it was shown that 

M Ar 1 (M N M N \ 

M K ,~ l 2\M D Mb J ' 1 J 

which predicts the masses of the excited A^'s at Afc(5900) and A;,(5926) (258 and 285 MeV 
above A b respectively). Hence 

uj b = |(4(285) + 2(258)) MeV = 276 MeV. (21) 

As a result, 

r b = (ls|r|2p) = (2[i b iu b )- 1/2 = (662 MeV) -1 , (22) 

The electric dipole moment is 

P = \ Efc=i,2 / d 3 r 4> ls {f) q k r k <p 2p (r) 

= Ud*r <Pu(rl (j^f- j^f) 2p (f) 

Jd 3 r <p u (f) r(j) 2p {r) = ff 6 , (23) 



e 



which is expected as the electric dipole moment of a neutral system. Finally putting all the 
pieces together, we end up with 

r(A 6 (5900) -> A b7 ) = 0.090 MeV, (24a) 

r(A 6 (5926) -> A 67 ) = 0.119 MeV, (24b) 

which is still smaller than the naive estimate above (essentially because the quarks are 
actually fractionally charged which effectively weakens the electromagnetic coupling) but 
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yet measurable, and may even dominate for Af,(5926). It is expected that this width (or 
equivalently the branching ratio) will be measured within the next several years. 

It should also be noted that, in this picture, the isospin allowed Aq — > Xq7 modes do not 
happen in leading order. Physically it means that electric dipole transitions do not couple 
to spins of particles. Since A-type and S-type heavy baryons have different spin structures 
(light valence quark spins are in a singlet state in the former and in a triplet state in the 
latter case), the electric dipole between them vanish identically. Thus this mode must goes 
through a magnetic quadruapole transition, which is severely suppressed. 

The formalism described in this article can also be applied to the electric dipole tran- 
sitions of other orbitally excited heavy baryons. For example, the orbitally excited E^'s 
can decay to S^7- In the bound state picture, the baryons are linear combinations of 
£)(*)_n and — A bound states. The calculations of the relevant electric dipole moments 
are similar in this case, except one has to take the finite A— N mass different into account. 
These orbitally excited E^'s, however, can decay strongly to the ground state A c and E^ 
and these decays are not phase space suppressed. Hence the electromagnetic decays are 
expected to be unimportant in these cases. 

In conclusion, we have shown that the bound state picture predicts that the A** — > A c 7 
decay is severely suppressed. On the other hand, the A£* — > A57 is unsuppressed and may 
have a significant branching ratio, especially for the s = § state. The Aq — > Eq7 decay mode 
is expected to be small. It is hopeful that these statements will be tested by experiments in 
the coming years. 

ACKNOWLEDGMENTS 

I would like to thank P. Cho and T.M. Yan for stimulating discussions. 



7 



REFERENCES 

[1] Z. Guralnik, M. Luke and A.V. Manohar, Nucl. Phys. B39 474 (1993). 

[2] E. Jenkins, A.V. Manohar and M.B. Wise, Nucl. Phys. B396 27 (1993). 

[3] E. Jenkins, A.V. Manohar and M.B. Wise, Nucl. Phys. B396 38 (1993). 

[4] C.K. Chow and M.B. Wise, Phys. Rev. D50 2135 (1994). 

[5] P. Cho, Phys. Lett. B285 145 (1992). 

[6] C.K. Chow, in preparation. 

[7] M.B. Wise, Phys. Rev. D45 2118 (1992). 

[8] T.M. Yan, H.Y. Cheng, C.Y. Cheung, G.L. Lin, Y.C. Lin and H.L. Yu, Phys. Rev. D46 
1148 (1992). 

[9] G. Burdman and J.F. Donoghue, Phys. Lett. B280 287 (1992). 
[10] ARGUS collaboration, Phys. Lett. B317 227 (1993). 
[11] CLEO collaboration, Phys. Rev. Lett. 74 3331 (1995). 
[12] E687 collaboration, Fermilab-Pub-93-323-E (1993). 
[13] P. Cho, Phys. Rev. D50 3295 (1994). 



8 



